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Abstract

Aim: In this study, we aimed to evaluate the effects of vitamin D deficiency (VDD) on retrobulbar blood flow in healthy eyes.

Material and Methods: In this prospective study, thirty eyes of 30 patients with VDD (Group 1) and 25 eyes of 25 individuals without VDD (Group 2) were
included. The peak systolic flow velocity (PSV), end-diastolic flow velocity (EDV) and vascular resistance index (RI) were obtained from the ophthalmic artery
(OA) with color doppler imaging. Multiple linear regression was performed for the covariate-adjusted comparison.

Results: Mean ages were 37.83+9.89 years in Group 1 and 35.32+9.61 years in Group 2, (p = 0.347). Mean values of serum 25(0OH)D3 level were 11.38 +
3.85 ng/dl in Group 1 and 26.80 + 10.03 ng/dl in Group 2 (p < 0.001). PSV and EDV were significantly higher in Group 2 than in Group 1 (p<0.001, p=0.001,
respectively). Rl was slightly higher in Group 1 than in Group 2, but this difference was not statistically significant. In multivariate linear regression, PSV and
EDV were positively correlated with OPP, and negatively affected by the presence of VDD.

Discussion: VDD can be an important factor in reducing ocular blood flow.
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Introduction

Vitamin D is well known for its role in calcium and phosphorus
metabolism, which are important in regulation of the
musculoskeletal system [1]. However, its effects on cell
proliferation and differentiation, apoptosis, immunity, and
angiogenesis have recently been studied [2]. Vitamin D
deficiency (VDD) is also associated with cardiovascular diseases
[3]. The inhibitory effects of vitamin D on the renin-angiotensin-
aldosterone system (RAAS) and its protective effects on
the vessels are among the physiopathological mechanisms
explaining this association [4]. Additionally, due to the effects
of vitamin D on arterial compliance and endothelium, arterial
stiffness increases and blood flow is affected in VDD [5].
Recent research on the effect of VDD on eye disorders has
established a link between the severity of diseases such central
retinal vein occlusion, glaucoma, uveitis, diabetic retinopathy,
and age-related macular degeneration and VDD [6-9]. Although
the underlying mechanism is not fully known, VDD has been
shown to affect retinal and choroidal microvasculature in
healthy individuals [10, 11]. It is unclear whether these changes
are the result of a specific local effect or a general decline in
ocular blood flow. Changes in ocular perfusion also play an
important role in the pathogenesis of many ocular diseases
[12,13]. Therefore, the effect of VDD on blood flow is an issue
that needs to be emphasized in order to understand its effect
on ocular diseases.

The aim of the study is to evaluate the effects of VDD on
ophthalmic artery (OA) by measuring the peak systolic flow
velocity (PSV), end-diastolic flow velocity (EDV) and vascular
resistance index (RI) in healthy eyes.

Material and Methods

This prospective study was conducted between March 2016 and
May 2016 at Ankara Atatiirk Training and Research Hospital in
accordance with the tenets of the Declaration of Helsinki. The
protocol was approved by the Yildirim Beyazit University Ethics
Committee. Informed consent was obtained from all individual
participants included in the study.

Serum 25-hydroxyvitamin D3 (25(0H)D3) concentrations were
measured by high-performance liquid chromatography. Vitamin
D levels below 20 ng/ml were considered as VDD (Group 1),
according to the guidelines of the U.S. Institute of Medicine [14].
Healthy volunteers whose serum vitamin D levels were above
20 ng/ml were included as a control group (Group 2). Patients
younger than 18 years or with a history of ocular trauma and
intraocular surgery, uveitis, glaucoma and retinal pathologies,
systemic disease, smoking and/or current pregnancy were
excluded from the study.

All participants underwent a complete ophthalmological
examination, including measurement of intraocular pressure
(IOP) with a Goldmann applanation tonometer.

The weight and height of the participants were appropriately
measured by the same device for all cases. After obtaining body
weight (in kilograms) and height (in meters) values, BMI was
calculated using the weight/height2 (kg/m2) formula.

All patients rested for half an hour and, caffeinated beverages
and alcohol consumption were questioned before measurements
of arterial blood pressure (BP), and color Doppler imaging was

performed. BP was measured using a sphygmomanometer.
Mean arterial pressure (MAP) was calculated as follows: 1/3
systolic BP + 2/3 diastolic BP. Similarly, mean ocular perfusion
pressure (OPP) was calculated as 2/3 MAP - I0P.

Retrobulbar blood flow was measured with a high-frequency
linear probe (12-17 MHz) on an Aplio 500 ultrasound machine
(Toshiba Medical Systems, Co., LTD, Otawara, Japan). After
applying a sterile gel to the outside of the eyelid of the patient
lying in the supine position with his eyes closed, a gray scale
examination followed by a color Doppler imaging examination
was performed without applying pressure. A radiologist, who
was blinded to the vitamin D levels of the participants, took
measurements from OA at the same time of day. Measurements
were made at an angle set parallel to the direction of blood
flow and, the peak systolic flow velocity (PSV) and end-diastolic
flow velocity (EDV) were evaluated. The vascular resistance
index (RI) was calculated by using the formula of RI=(PSV-EDV)/
PSV. [14] The right eyes of the participants were analyzed.

A priori power analysis using PASS 11 (Power and Sample Size
Calculation Software, Version 11) revealed that we required
to enroll at least 25 eyes for each group in the study. In the
present study, 30 eyes were included in the study group and
25 eyes in the control group and, accordingly, the power of the
study was 82.3%.

Data were analyzed using the SPSS software (version 27;
Business Machines Co., Armonk, NY). The
variables were presented as mean and standard deviation.
The normality of all data was evaluated with the Shapiro-Wilk
test. Differences between the groups were analyzed with the
independent samples t-test. Multiple linear regression was
performed for the covariate-adjusted comparison. P values <
0.05 were accepted as statistically significant.

International

Results

The mean age was 37.83+9.89 years in Group 1 and 35.32+9.61
years in Group 2 (p=0.347). The gender ratio was also similar
between the groups (18/12 ingroup 1, 16/9 in group 2, p=0.491).
The mean serum 25(0OH)D3 levels were 13.52+6.88 ng/ml
and 24.08+7.14 ng/ml in Group 1 and Group 2, respectively (p
<0.001). BMI was slightly higher in Group 1 (26.20+1.74 kg/
m2) than in Group 2 (25.36+1.77 kg/m2), but this difference
was not statistically significant (p=0.084).

As shown in Table 1, OPP did not differ between groups
(p=0.163), but PSV and EDV were significantly higher in Group 2
than in Group 1 (p<0.001, p=0.001 respectively). Rl was slightly
higher in Group 1 than in Group 2, but this difference was not
statistically significant.

The multivariate linear regression analysis between ocular

Table 1. Baseline characteristics of the subjects

Group 1 Group 2

P value
(n=30) (n=25)
OPP (mm Hg) 44.81+2.57 43.77+2.89 0.163
PSV(cm/s) 29.15+3.84 33.74+4.81 <0.001
EDV(cm/s) 7.94£1.70 9.82+2.07 0.001
RI 0.72+0.03 0.70+0.05 0.099

OPP: ocular blood pressure, PSV: peak systolic flow, EDV: end diastolic volume, RI:

resistance index
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Table 2. Multivariate linear regression analysis between
retrobulbar blood flow and other variables including Vitamin D

EDV(cm/s)

PSV(cm/s)

B coefficient B coefficient P B coefficient P
(SE) (SE) value (13 value
(Ainrs) (33 i) 0.007 ('gg; <0001 0002 (0.001) 0002
Gender (g?;) 0.765 (8:%) 0950 0001(0.012) 0980
z;e\fsgce (’(;5_'74; <0001 (’(;_'g) <0001 0010(0010) 0264
((::; o) ((;‘1‘;) <0.001 (gf);) 0012 0003 (0.002) 0222
(E::/'mz) (8:(2)3) 0924 (32?1) 0949 0,001 (0.003) 0.965

PSV: peak systolic flow velocity, EDV: end diastolic volume, RI: resistance index , VDD:

vitamin D deficiency, OPP: ocular blood pressure, BMI: body mass index,
perfusion parameters and demographic variables, OPP, BMI and
presence of VDD is presented in Table 2. No correlation was
found between gender, BMI, and ocular perfusion parameters,
but age showed a statistically significant correlation with PSV,
EDV and RI. While PSV and EDV were positively correlated with
OPP, they were negatively affected by the presence of VDD.

Discussion

The present study revealed that ocular perfusion is negatively
affected in presence of VDD. Other related factors with EDV
and PSV are age and OPP.

The role of VDD in many diseases associated with vascular
pathologies has been studied. Especially, relationship between
VDD and cardiovascular diseases has been demonstrated.
Kendrick et al. reported that patients with VDD had more
angina, myocardial infarction and heart failure [15]. In recent
years, studies have shown that VDD is associated with many
eye diseases. Kim et al. have reported that low serum vitamin
D status is associated with increased glaucoma risk in females
[8]. Studies have shown that VDD accelerates the development
of neovascularization and proliferative retinopathy in patients
with type 2 diabetes mellitus [16, 17]. Parekh et al. have shown
a correlation between reduced serum vitamin D levels and
risk for early age-related macular degeneration [18]. A meta-
analysis found a trend for late AMD among patients with VDD.
[7]. In elderly patients without macular dysfunction, VDD is also
associated with thinning of macular thickness [19].

In our study, we found that the blood flow decreased
significantly in the group with VDD. One of the underlying
mechanisms may be RAAS activation. It has been shown that
vitamin D modulates RAAS. Renin expression was significantly
increased in vitamin D receptor knock-out mice and suppressed
in wild type mice after injecting 1.25 (OH)2D [20]. Activation
of RAAS leads to severe vasoconstriction. Another factor can
be acceleration of atherosclerosis due to VDD. VDD has been
associated with increased pro-inflammatory cytokines such as
TNF-q, interleukin (IL) -6 and interleukin-1beta (IL-1B), which
predisposes to the development of atherosclerosis [21]. This
condition is associated with atherosclerosis. In addition, vitamin
D has been shown to reduce the risk of atherosclerosis by
decreasing endoplasmic reticulum stress and oxidative stress,
and thus has a protective effect on endothelial cells [22]. VDD

increases arterial stiffness and atherosclerosis and also affects
blood flow [5]. Influence of changes in ocular blood flow in the
occurrence and progression of these diseases might suggest
that VDD worsens these diseases by affecting ocular blood
flow. Both changes in structure of artery and its regulation
affect arterial stiffness and blood flow.

Vascular function varies with aging and may affect the
retrobulbar blood flow. The most important cause of altered
vascular function in elderly individuals is impaired endothelial
function [23]. In addition, atherosclerosis, which increases with
age, is another important factor [24]. Another result of our
study is that low OPP values reduce retrobulbar blood flow. Low
OPP is thought to be a risk factor for glaucoma [25]. However,
it is not clear which mechanism causes this. In particular, low
perfusion in the optic nerve head may increase glaucomatous
damage.

This is the first study to evaluate the effects of VDD on ocular
perfusion. However, there were some limitations in our study.
We carried out the study in the spring to evaluate average levels
of serum vitamin D. However, cross-sectional measurement
of vitamin D levels might be misleading when assessing VDD.
Fluctuation of level of serum vitamin D in a year or throughout
years might cause different effects on ocular blood flow. Cohort
studies in which vitamin levels are monitored for longer periods
are needed, and assessment of vitamin D levels in different
seasons might also be beneficial in evaluating the effects of
VDD.

Conclusion

The relationship between VDD and various eye diseases has
been frequently investigated in recent years. Ocular perfusion
reduction in VDD may be an important factor in the emergence
or aggregation of these diseases.
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